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~= Sensitive to BSM!

Complementary to rare b and s decays.

Check for theoretical tools.




Outline
(o] le}

Branching Fractions

High precision experiments:
(LHCb, CMS, BaBar, Belle n, CLEO-¢c, BESIII, ...)

Non-resonant [LHcb 2013] :

B(Dt = ntptpT) <73 x 1078 @CL=90%
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High precision experiments:
(LHCb, CMS, BaBar, Belle n, CLEO-¢c, BESIII, ...)

Non-resonant [LHcb 2013] :

B(Dt = ntptpT) <73 x 1078 @CL=90%

Theoretical status:

,SM =
g‘*‘—ﬂr“’uu == 6 . 10 12 [Fajfer et al., 2005]
,SM _
Bg+—>7r+## = [459, 804] . ].0 10 [Wang et al., 2014]
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Branching Fractions

Theoretical status:

Bgfgw+ﬂﬂ = 6 . 10_12 [Fajfer et al., 2005]
Bgfﬁw_‘_uu = [459, 804] . 10_10 [Wang et al., 2014]
Bng/:X_‘_ = 2 . ].0_8 [Burdman et al., 2002]

u €€
Bg’fi/:X+ =6.0- 10710 [Fajfer et al., 2002, 2005]

u €€
Also: [Paul et al., 2011]
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Branching Fractions

Theoretical status:

BnDr;SEAmJFML =6-10"12  [Fajfer et al., 2005]
BN i = [4.59,8.04] - 10710 wang et 2014
BnDrfi/:Xjee =2-1078  [Burdman et al., 2002]
Bg’fi/:X:ee =6.0- 10710 [Fajfer et al., 2002, 2005]
AlSO: [Paul et al., 2011]

~~ Redo calculation!
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Effective Lagrangian

weak .

Leff = LQCDXQED‘{q:mq<u,/f} + Leff

4G
[ weak F § : *
efF |,U/VmW - quuq
qE{d s,b}

x (CLm R () + Co(w R (1))

QY = (@ Toqr) @y o)

9 = @y an) @ er)



Framework
oeo

NNLO QCD Calculation in a Nutshell

Wilson coefficients:

e 1~ my: Match SM onto effective theory.

[In collaboration with Dirk Seidel.]

[hep-ph/9910220], [hep-ph/0411071], [hep-ph/0504194], [hep-ph/0612329]
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NNLO QCD Calculation in a Nutshell

Wilson coefficients:
e 1~ my: Match SM onto effective theory.

e 1~ mw — i~ my: Resum logarithms to all orders via
Renormalization Group Equations.

e 1~ my: Integrate b-quark (~ additional operators

Q3—6N>< Qrg~ °© Q910N>§<)-

e 1~ my — pu~ m: Scale via RGE.

[In collaboration with Dirk Seidel.]

[hep-ph/9910220], [hep-ph/0411071], [hep-ph/0504194], [hep-ph/0612329]
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NNLO QCD Calculation in a Nutshell

Matrix elements at p ~ m, :

e Relate <Q1—6,8> ~ <Q779,10> perturbatively.

[hep-ph/9603417], [hep-ph/0306079], [arXiv:0810.4077]

[hep-ph/0008255], [arXiv:1111.2558], [arXiv:1412.7515]
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Framework
ooce

NNLO QCD Calculation in a Nutshell

Matrix elements at p ~ m, :

e Relate <Q1—6,8> ~ <Q779,10> perturbatively.

Factorize leptonic and hadronic currents.

Parametrize hadronic (7.9 10) via form factors.

Relate form factors within heavy quark effective theory.

Parametrize form factor (f.) via z-expansion
(parameters fitted via D — wlvy).

[hep-ph/9603417], [hep-ph/0306079], [arXiv:0810.4077]

[hep-ph/0008255], [arXiv:1111.2558], [arXiv:1412.7515]
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Branching Fractions

nr,SM ~1.10-9 nr,SM ~ 9.10—10
BD+—>X2'66N1 1077, BD+—>XIWN2 10

BreM L, ~4-10712 e {e,pu}

Consistent with Fajfer et al.

Burdman et al. and Wang et al.:

Coluw) = Xy VegVig O ~ =029 O ~

~ Not consistent within effective theory approach.
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Decay Distribution
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Decay Distribution

DY satutu
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Ours:
nr,SM ~ . —13 +15% (= +138% +27%
BD+—>7r+uu|f121-25 Gev ~ 7.5-10 _14%(m3) —46% (1c) _20%(f+)
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BSM: Leptoquarks

Scalar (3,3,-1/3) leptoquark: Ag, (QFime7Ly) - 5; CLrg

Vector (3,1,-5/3) leptoquark: )\VIQ‘R%ER(VI”)T CLrg

Constrain masses via collider experiments: M > 1 TeV

Constrain couplings via B(DT — nte*u™), B(D? — ptp™),
B(D° — u*e), xp, yp, atomic parity violation ...

Apply h|erarch|ca| ﬂaVOr pattern for S3 [de Medeiros Varzielas and Hiller, 2015] .
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BSM: Leptoquarks
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5 ~ -10
BD3+—>7r+u|q21.25 Gev =~ 2.4-10

\% B s
BD1+—>7r+u|q21.25 Gev =~ 1.4-10
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Conclusion and Outlook

Conclusion

Bnr,exp(D—i- - 7r+,u+,u_) S 10—8

nr,SM —12
BD+—>7r+uu ~ 10

~+ Any signal is BSM physics!? Sensitivity to leptoquarks!?

| A\

Outlook

e Extend this study.
o D — pll, Ao — plt, ...

e Look forward to experiments :)

e Let me know of your ideas!

\



Effective Lagrangian

_ k
Leff = LQcDxQED [{gimg<p,ey + Lo

4G
weak _ F *
ﬁeff |mWZu>mb - Z chqu
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4GF X
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SM dim 6 Operator Basis

Q(lq% = (WY, Tqr) (@ " T L)

)

Qo= ) X @
{gmq<p}

Q56 = @Y VYT er) Y @2y 1%)
{gmq<p}

e g—
Q7 = ?mc(uLa‘““QcR)quQ

1
QS = gmc(ﬂLUMIMQTaCR)Gzlu2
e2 _
Q9,10 = g—(ﬂL’Ym cr) (E4"1750)



Branching Fraction

Theoretical status:

nr,SM _ —10
BEM o ula>195Gev = [1.18,2.08] - 1070 (wang et ol 2014

No scale uncertainties.



Ss3 Flavor Pattern

[de Medeiros Varzielas and Hiller, 2015] :

pak Pd P
Al xo | e o p
K 1 1

pd§0027 H§O57 10_4§p§17 H/p§057 Pd//)§16

|A2ppal constraint via rare Kaon decay and |A3p||1 — x?| fixed by
means of Rg.
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